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O specimen is rotated about its centre axle that is inclined with respect to the upper platen and the lower platen causing deformations 

and the compaction occurs. Characteristic to the device according to the invention is the fact that there is a specimen cylinder (2) 

attached to the frame (1) to be rotated mainly with respect to its centre axle. 
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Method and apparatus for measuring packing properties of soil 
masses and other similar masses* 

Subject of the invention is a method to measure compaction properties of masses of 
5 the soil and other masses of the kind. A mass specimen in a cylinder is pressed with 
standard pressure between an upper platen and a lower platen and the height of the 
specimen is measured in this method. Subject of the invention is also a device to 
accomplish earlier mentioned task. There is a frame, a specimen cylinder and a 
pressing device with an upper platen and a lower platen to be pressed against a 
10 specimen and placed in an angle with respect to the central axle of the specimen 
cylinder in this device. 

To measure the change in density of masses of the soil and other masses of the kind 
like bituminous asphalt, the method of gyratory compaction is used and a device for 
gyratory compaction is needed. In already known methods of gyratory compaction 

15 the compaction is in most cases provided by pressing upper and lower platens of a 
cyiindric mould with standard pressure and rotating the other end of the cylinder 
abount a point, other than the centre axis of the cylinder in a circular manner (so 
called gyratory-motion). Pressure and gyratory-motion create continuous sine- 
shaped reversal cross sectional deformation. Because of the pressure and the cross 

20 sectional deformation the soil particles of the specimen move with respect to each 
other and seek their way closer to each other so that compaction occurs and it 
densifies. Compaction and the growth in density are related to the properties of the 
material and the amount of cross sectional deformation. Thus the change in density- 
depends also on the number of gyrations. The number of gyrations (the angular 

25 velocity) as well as the temperature of the specimen are kept in the sphere of the test 
temperature according to the standards for the mixture in question during the 
compaction test. As the result the test provides the density corresponding to a 
known standard pressure and angle as the function of gyratory-motions. The shape 
and the location of the curve describing the densifying process depend on the 

30 material to be densified and its properties, the size of its particles and while 
mixtures are in question, the composition of separate components. Measured 
densifying properties can be utilized to determine the optimal composition and 
preparing methods for materials, like asphalt, used in earth and road works. 

There are some various mechanisms known today that create gyratory compaction 
35 motion adjustable to a gyratory compaction device. Gyratory compaction motion in 
those devices is provided either by moving one end of the specimen cylinder in a 
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circular manner (gyratory-motion) or by inclining the upper platen and the lower 
platen of the specimen cylinder on various sides by means of. a rod adjusted in the 
middle of them with gyratory motions. 

Measurements of the compaction properties by known methods and devices of 
5 gyratory compaction can be accomplished in a functional way, but their 
mechanisms that create the suitable gyratory compaction motion are complicated in 
construction and economically expensive and intricate to make because of the high 
requirements of precision. 

The purpose of the invention is to create a method and a device to measure 
1 0 compaction properties of masses of the soil and other masses of the kind to prevent 
earlier mentioned problems. 

The purpose of the invention is achieved by the method and the device, 
characteristic of which is what has been presented in the claim of patent. 

Characteristic to the method according to the invention is the fact that the mass 
15 specimen in the gyratory compaction device is rotated round the centre axle that is 
iclined with respect to the upper and lower platen, thus generating densifying cross 
sectional deformations. When rotating a mass specimen round the centre axle that 
has been rigidly supported the gyratory compaction devices may be relatively 
simple and exact. Manufacturing costs will be advantageous because of the 
20 simplicity of the devices. 

Characteristic to the device according to the invention is the fact that the specimen 
cylinder has been attached to the frame of the gyratory compaction device mainly to 
be rotated with respect to its centre axle. Constructions of the specimen cylinder 
which has been attached to be rotated with respect to its centre axle as well as the 
25 upper and lower platens in the upper and lower part can be designed to be simple, 
rigid and very exact. 

In a advantageous application of die device according to the invention a specimen 
cylinder has been mounted on bearings into a supporting construction, which has 
been attached to the frame in the way that the lower part is turnable. Because of the 
30 turnable attachment of the lower part inclining of the specimen cylinder can be 
successfully carried out because of the simple exact and reliable construction. 

In the second advantageous application of the device according to the invention 
there is a regulating device between the upper part of the supporting construction 
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and the frame to incline the supporting construction and the specimen cylinder to a 
wanted position. By means of the regulating device the specimen cylinder can be 
inclined to the wanted position exactly and reliably. 

In the third advantageous application of the device according to the invention a 
5 rotating device has been connected to the specimen cylinder in order to rotate the 
specimen cylinder and the specimen during the compaction. By means of the 
rotating device connected to the specimen cylinder the specimen cylinder and the 
specimen can be rotated according to the demands of the test simply and 
advantageously. 

10 In the fourth advantageous application of the device according to the invention a 
rotating device has been connected to the upper platen to rotate the upper platen and 
the specimen during the compaction. By rotating the upper platen sliding between 
the specimen and the upper platen is prevented and advantageous rotating motion 
with respect to the specimen is guaranteed, thus making the gyratory compaction 

15 device reliable and suitable for many various specimen materials. 

In the fifth advantageous application of the device according to the invention a 
rotating device has been connected to the lower platen to rotate the lower platen and 
the specimen during the compaction. By rotating the lower platen the undesirable 
sliding of the lower platen and the specimen is prevented, thus making the gyratory 
20 compaction device function exactly and reliably. 

In the sixth advantageous application of the device according to the invention the 
upper part of the specimen cylinder has been supported to the frame by at least two 
rolls mounted in bearings to the frame. Because of the support organised with the 
rolls the mounting in bearings is simple, without clearances and rigid. 

25 In the seventh advantageous application of the device according to the invention the 
rolls have been mounted in bearings to be moved with a regulating device to incline 
the specimen cylinder to a wanted position. Because of the rolls mounted in 
bearings with regulating device the specimen cylinder can be inclined in a 
functional way advantageously and exactly to the wanted position. 

30 In the eighth advantageous application of the device according to the invention the 
lower part of the specimen cylinder has been supported from the inner surface to the 
lower platen to mount in bearings the lower part of the specimen cylinder to the 
frame. Because of the support of the lower platen of the specimen cylinder the 
mounting in bearings of the specimen cylinder is simple and economical to make 
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arid the lower platen can be used to rotate the specimen cylinder thus avoiding the 
need of a separate rotating device for the specimen cylinder. 

In the following the invention is presented more detailed referring to enclosed 
drawings , in Which 

5 in figure 1 there is a cross section figure of the gyratory compaction device 
according to one method according to the invention from side, and 
in figure 2 there is a cross section figure of the gyratory compaction device 
according to another method according to the invention . 

According to figure 1 there is the frame 1, the specimen cylinder 2, the upper 
10 platen of the specimen cylinder 3, the lower platen of the specimen cylinder 4, the 
control construction of the specimen cylinder 5, the regulating device of the angle 
of incline of the specimen cylinder 6, rotating device Of the specimen cylinder 7, the 
shaft of the upper platen 8, the rotating device of the shaft of the upper platen 9, 
bearings of the shaft of the upper platen 1 0, the moving attachment of the shaft of 
15 the upper platen and its drive mechanism 1 1 , the pneumatic cylinder functioning as 
a pressing device 12, the moving end of the pneumatic cylinder 13, the connecting 
organ of the pneumatic cylinder 14, the fixing shoulder of the pneumatic cylinder 
15, bearings of the lower platen 16 and the rotating device of the lower platen 17 in 
the gyratory compaction device. Furthermore there are drive mechanisms 18, 19 and 
20 20 to rotate the upper platen, the specimen cylinder and the lower platen and also 
other earlier known connecting parts and mechanical components to connect 
various parts of the gyratory compaction device with one another in due form. 

The frame 1 of the gyratory compaction device according to figure 1 has been made 
of steel plates and using various existing mechanical and connecting components 
25 like groove ball bearings and bolts, Plate parts like various fixing constructions and 
housing have been made by bending and cutting the plate and by using various 
connecting methods. The construction of the frame is earlier known so that the 
outer shape of the frame resembles frames of earlier known gyratory compaction 
devices. 

30 The specimen cylinder 2 has been connected to the rotating inner cylinder mounted 
in bearings to the control construction 5 in a removable Way. The control 
construction has been fixed in a lower part of the solid part turnable to the frame 1. 
In the application according to figure 1 the specimen cylinder 2 is a cylindric object 
made of a steel pipe slightly broaden in a suitable way from the upper and lower 

35 ends. The specimen cylinder locks by means of its broadened parts to the shoulders 
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of the upper and lower ends of the inner cylinder of the control construction, when 
the specimen cylinder is placed inside the control construction. There is a movable 
end of the specimen cylinder fixed in the upper part of the control construction with 
the bolt of the regulating device 6, and thus the angle of the specimen cylinder and 
5 its centre axle is adjustable by turning the bolt of the regulating device. The 
rotating device in the upper part of the specimen cylinder consists of a primary 
wheel and a secondary wheel arid a chain or a belt adjusted between them. The 
smaller primary wheel of the rotating device has been adjusted to the end of the 
shaft of the drive mechanism 19 fixed to the control construction. The purpose of 
10 the rotating device of the specimen cylinder is to rotate the specimen cylinder as 
required. 

The upper platen 3 of the specimen cylinder 2 is a flange made of the shaft 8. It has 
been connected to the shaft in the way that the upper platen can be rotated inside the 
specimen cylinder by rotating the shaft. The diameter of the tipper platen is the 

15 same as the inner diameter of the specimen cylinder, however adjustable inside the 
cylinder. The shaft 8 has been connected by means of bearings 10 so that it can be 
rotated and moved vertically to the construction 1 1 fixed to the frame 1 so that it 
can be moved sideways. Because of it the shaft and the upper platen adjusted inside 
the specimen cylinder move sideways with the upper part of the specimen cylinder. 

20 To rotate the shaft 8 it has been connected with a secondary wheel of the rotating 
device 9 adjusted to the shaft in rotating direction but moving in axial direction. 

A joint element 14 has been connected with bearings to the upper end of the shaft. 
This element allows rotation of the shaft, but transmits the motions of the moving 
end 13 of the pneumatic cylinder that has been adjusted to the shoulder 15 of the 
25 attachment 1 1 moving sideways to the shaft and the upper platen. Thus the shaft 8 
and the upper platen 3 can be moved with the pneumatic cylinder 12 functioning as 
a pressing device vertically inside the specimen cylinder in functional way. 
Because of the attachment moving sideways the pressing device can be moved as 
wanted according to the angle of the specimen cylinder. 

30 Lineary moving operating device 12 which moves vertically the upper platen 3 and 
the shaft 8 functioning as a pressing device is in the application according to figure 
l a double-acting pneumatic cylinder. By means of its moving end 13 the upper 
platen can be moved up and down and press it against the specimen. The pressing 
force is maintained constant according to the densifying test by regulating the 

35 pressure of the pneumatic cylinder. 
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There are grooves for the bearings on the shaft 8 of the upper platen 3, where the 
axial shoulders (not presented in figures 1 and 2) of the corresponding shape are 
locked preventing the sliding of the rotating side of the bearing and of the 
secondary wheel of the rotating device on the axle in rotating direction. Mounting 
5 in bearings 10 has been accomplished in other parts in earlier known methods 
according to figure 1 with two radial bearings attached to the construction 11 
movable sideways and vertically at a certain distant from one another. 

Construction 1 1 movable sideways consists of a part, fixed movable sideways to 
the frame and including shoulders for bearings 10 of the shaft 8 and for pneumatic 
10 cylinder 12 The construction movable sideways has been connected with drive 
mechanism 19 of the shaft 8. In the end of the shaft of the drive mechanism there is 
the primary wheel of the rotating device 9. 

In the upper part of the shaft 8 a connecting element 14 has been mounted in 
bearings to connect the shaft with the pneumatic cylinder 12 functioning as a 
15 pressing device. There are two radial bearings mounted vertically at a suitable 
distant from one another and an axial bearing to transmit the vertical motion of the 
moving end 13 of the pneumatic cylinder to the upper platen 3 by means of the axle 
8. The connecting element 14 is a component designed to the shape of the end of 
the shaft 8 and to which the earlier mentioned bearings are adjusted. 

20 The lower platen 4 has been adjusted to the frame 1 with a vertical shaft and 
bearings 16 in the way that the lower platen is placed in the lower part of the 
specimen cylinder according to the figure 1 and 2 inside the specimen cylinder. The 
lower platen is by size and shape a flange like element equivalent to the upper 
platen and it has been made of the same steel element as the shaft of the lower 

25 platen. The other end of the shaft of the lower platen reaches the lower part of the 
bearings. There is the secondary wheel of the rotating device 17 of the lower platen 
adjusted with bolts to the end of the shaft. The primary wheel of the rotating device 
has been adjusted to the end of the shaft of the drive mechanism 20 of the rotating 
device of the lower platen. By means of the rotating device and the drive 

30 mechanism connected to the lower platen it can be rotated with the specimen 
cylinder and the upper platen. Because of the construction described above the 
specimen cylinder, the upper platen and the lower platen form a unit, inside of 
which a specimen of mass of desired size and according to the dimensions of the 
specimen cylinder can be placed. 
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The regulating device 6 of the angle of incline of the specimen cylinder in the 
application according to figure 1 is a bolt organ which is rotated by fingers and the 
length of which changes according to the direction of rotation of the bolt organ. The 
regulating device is self locking thus the length and the angle of incline of the 

5 control construction 5 of the specimen cylinder stays in adjusted position without 
other locking elements. The regulating device has been adjusted to the frame by a 
tumable fixing element in the fixed end. The fixing of the moving end to the control 
construction of the specimen cylinder is tumable so that the inclining mechanism of 
the control construction of the specimen cylinder and the regulating device would 

10 function as needed. 

Drive mechanisms of the specimen cylinder, the upper platen and the lower platen 
are in the application according to figure 1 alternating current motors. Transmission 
from the primary wheels on the shafts of the drive mechanisms to the secondary 
wheels has been accomplished by chain or belt transmission. Speed of rotation and 
15 the gear ratio i.e. the relationship between the size of the primary and secondary 
wheels of all drive mechanisms is the same so that the speed of rotation of the 
specimen cylinder, the upper platen and the lower platen would be as equivalent as 
possible. 

In the gyratory compaction device according to another method according to the 
20 invention presented in figure 2, the frame, the specimen cylinder and the upper 
platen are equivalent to those in the application in figure 1. Also the rotating 
device, drive mechanism and the fixing elements of the specimen cylinder, the 
upper platen and the lower platen as well as the regulating device between the upper 
part of the control construction and the frame are equivalent to those presented in 
25 the application according to figure 1. The strut of the specimen cylinder is, 
however, different. It is organised by means of rolls 21 supporting the inner 
cylinder of the control construction and mounted in bearings in every 120 degrees 
seen from above around the specimen cylinder. The rolls supporting the inner 
cylinder are adjusted according to figure 2 to the outer cylindrical construction of 
30 the control construction 22 in the place of the upper and lower part of the specimen 
cylinder. Thus the inner cylinder of the control construction between them and the 
removable specimen cylinder adjusted to it are to be rotated with respect to their 
central axle according to the invention. 

Preparing stages for a specimen of mass in starting the compaction test with a 
35 gyratory compaction device according to figures 1 and 2 are accomplished 
according to earlier known methods. The actual compaction of the specimen is 
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realized by compressing the specimen by a pneumatic cylinder 12 and rotating the 
cylinder, the upper platen and the lower platen while the specimen stays inside the 
specimen cylinder. During the test the specimen cylinder and the specimen itself 
are rotated according to the method according to the invention about its own central 
5 axle for instance for a pre-set number of gyrations or until target change in density 
has been achieved. The compaction pressure stays constant during the rotation. 
Compaction pressure and the other parameters can be chosen according to the 
regulations in standards for the material of the specimen. The rotation of the mass 
specimen with the inclined cylinder and the horizontal upper platen and the lower 

1 0 platen provides at different points according to radius a vertical sine-shaped reversal 
cross sectional deformation. This provides densifying accordingly to the earlier 
known gyratory compaction devices. The number of cycles of the specimen 
cylinder corresponds to the number of cycles like gyratory motions of the earlier 
known devices. Therefore by means of the gyratory compaction device according 

1 5 to the invention the compaction behaviour of bituminous and concrete mass samples 
can be determined as could be done with known gyratory compaction devices. 

Construction and materials of various parts and the joints between them of the 
gyratory compaction device according to the invention can vary. The frame 1 can 
be accomplished in very many various ways. As distinct from the application in 
20 figures 1 and 2 it cah be realized of various kinds of mould elements or metallic 
parts using various kinds of connecting and/or fixing elements. Also the shape and 
dimensions of the frame may vary for instance depending on the construction of 
various devices and mechanical elements. 

The specimen cylinder 2 of the gyratory compaction device according to the 
25 invention can be realized by many other ways and also of other material than steel. 
It may be made of aluminium or plastic in some other application. The dimensions, 
shapes and fixing methods of the specimen cylinder to the frame may differ from 
the applications according to figures 1 and 2. The specimen cylinder can be 
supported at the lower part with a lower platen only inside the cylinder in the third 
30 application modified from the application according to figure 2. In this case the 
fixing of the lower part of the specimen cylinder does not need other separate 
fixing elements, but the turnable fixing to the lower platen can be accomplished for 
instance with a lower platen adjusted turnable without clearance and sliding inside 
the specimen cylinder. 

35 The upper platen 3 and the construction of the rotating device 7 connected to it can 
also vary. The upper platen may be a separate part, adjusted vertically movable 



BNSDOCID: <W O 01 86251 A1 I > 



WO 01/86251 



9 



PCT/FI01/00446 



with respect to the shaft 8. This part is moved by means of a pivot going through 
the shaft in vertical direction and rotates with the shaft and has been mounted in 
axial bearings to the moving end 13 of the pneumatic cylinder. 

In the place of the pneumatic cylinder functioning as a pressing device of the upper 
5 platen some other lineary moving device like a hydraulic cylinder may be used. 
Pressing mechanism can be alternatively accomplished by means of a rack bar or a 
bolt. Control of pressing force is in that case, however, more complicated than 
when using a hydraulic or pneumatic system. The constructions of the lower platen, 
the shaft of the lower platen and the rotating device of the lower platen can also 
10 differ from the construction according to figures 1 and 2. The lower platen can be 
adjusted to the end of a shaft of a reduction gear fixed to the frame and driven by a 
motor. Power transmission for the rotating devices can be accomplished also some 
other way than according to the example applications in figures 1 and 2. For power 
transmission gear drive or friction drive can be used. As drive motors any drive 
15 mechanism providing rotating motion like electric motors, hydraulic motors or 
pneumatic motors can be used in various application according to the invention. 

All the same measurements as with earlier known methods and devices for 
measuring compaction properties mentioned above can be accomplished with the 
method and device according to the invention. The size of the specimen cylinder 

20 can be chosen according to standards, therefore the method and the device can be 
applied for materials of various particle sizes. Control of temperature and the 
pressing force of the upper platen and the lower platen can be chosen to meet 
various requirements. All necessary equipment for control, regulation and 
measurements can be adjusted to the device according to the invention, in order to 

25 realize necessary measurement according to various requirements and standards. 
The method and the device according to the invention can be applied to many other 
researches and product development projects where it is not necessary to use 
amounts of specimen and/or specimen cylinders according to standards of today. 

The invention is not limited to above presented applications but can vary within the 
30 framework of inventional idea according to the claim of patent. 
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CLAIMS ' 

1. A method to measure compaction properties of masses of the soil and Other 
masses of the kind in which a mass specimen in a cylinder is pressed with a 
5 standard pressure between an upper platen and a lower platen and the height is 
measured, c h a r a c t e r ized in that the mass specimen is rotated about 
its inclined centre axle inclined with respect to the upper platen and the lower platen 
thus providing the deformations densifying the specimen. 

10 2. A device to measure compaction properties of masses of the soil and other 
masses of the kind in which there is a frame (1), a specimen cylinder (2), a pressing 
device (12,13) and an upper platen (3) and a lower platen (4) to be pressed with a 
pressing device against a specimen and which platens are inclined with respect to a 
centre axle of a specimen cylinder, characterized in that the 

15 specimen cylinder (2) is attached to the frame (1) to be rotated mainly with respect 
to its centre axle. 

3. A device according to claim 2, characterized in that the specimen 
cylinder (2) is mounted in bearings to the supporting construction (5) the lower part 

20 of which is attached movable to the frame ( 1 ). 

4. A device according to claim 3, characterized in that there is a 
regulating device (6) between the upper part of the supporting construction (5) and 
the frame (1) in order to incline the supporting Construction and the specimen 

25 cylinder (2) to wanted position. 

5. A device according to any of claims 2-4, characterized in that 
there is a rotating device (7) connected to a specimen cylinder (2) in order to rotate 
the specimen cylinder and the specimen during the compaction. 

30 

6. A device according to any of claims 2-5, characterized in that 
there is a rotating device (9, 18) connected to the upper platen (3) in order to rotate 
the upper platen and the specimen during the compaction. 

35 7. A device according to any of claims 2-6, characterized in that 
there is a rotating device (12, 20) connected to the lower platen (4) in order to rotate 
the lower platen and the specimen during the compaction. 
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8. A device according to any of claims 2-7,charac terized in that 
there is specimen cylinder (2) supported at its upper part to the frame (1) by means 
of at least two rolls mounted in bearing to the frame. 

5 9, A device according to claim ^characterized in that there are rolls 
mounted in bearings to the frame (1) to be moved by means of a regulating device 
in order to incline the specimen cylinder to wanted position. 

10. A device according to any of claims 2 - 9, characterized in that 
10 the lower part of the specimen cylinder (2) is supported only to the lower platen (4) 
to mount the lower part of the specimen cylinder in bearings to the frame (1). 
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